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Title of the invention: Endoscope device 
Applicant: Olympus Optics Industry Corporation 

Specification 

1. Title of the invention 
Endoscope device 

2 . What is claimed 

(1) In an endoscope device in which a bending portion is 
provided in an insertion portion, the bending portion is 
allowed to curve in a plurality of directions by pushing and 
retracting a plurality of wires for curved operation, one 
end of the wires being secured to the front end side of the 
bending portion, characterized in that the device comprises: 
a plurality of detecting means which detect the added force 
to each wire for curved operation; and 

a gravity direction determining means which determines a 
gravity direction base on a detected output by the plurality 
of detecting means. 

3. Detailed explanation of the invention 
[Industrially applicable field of the invention] 

The present invention is directed to an endoscope which is 
made so as to become capable of detecting gravity direction 
in the insertion portion. 
[Conventional art] 

Recently, an endoscope which can observe the gut and the 
like within the body by inserting the insertion portion 
thereof, and which can conduct various treatment optionally 
by using the treating device inserted through the treatment 
channel thereof. Further, also in the industrial field, an 
endoscope for industrial use whlcli can observe and examine 
the interior of boiler, turbine, chemical plant and the like 
is widely utilized. 
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In the tip side of the insertion portion of the above 
described endoscope, the bending portion, which can curve, 
is provided. This bending portion is subjected to be curved 
during operation, whereby the bending portion can be 
inserted to the target site, the tip of the insertion 
portion can be directed to the target site, and the like. 
As the driving means for the above bending portion, 
generally, a plurality of wires, one end thereof being fixed 
to the front end side of the bending portion, are used while 
pushing and retracting them by hand or the actuator such as 
motor. Further, as a driving means for long endoscope, the 
use of liquid artificial muscle has been proposed. In this 
artificial muscle, the fluid artificial muscle is provided 
in the tip side of the insertion portion, for example, in 
rearward direction of the bending portion, and the 
artificial muscle is allowed to expand or shrink by the 
fluid pressure whereby the wires for curved operation are 
pushed or retracted to curve the bending portion by the 
stroke caused by expansion and shrinkage of the artificial 
muscle . 

[Problems to be solved by the invention] 

In the meantime, especially in the event that the insertion 
portion of the long endoscope is inserted in the deep site 
of the subject such as piping, due to the torsion of the 
insertion portion, or advancing through elbows (elbow-like 
bending portions) in up and down, as well as right and left 
directions , there caused the problem in which gravity 
direction {up and down directions) becomes unknown whereby 
the direction of bending can not be determined, and thus the 
observation position can become undetermined. 
To solve this problem, Japanese Laid-Open Publication No.l- 
295212 discloses the technology which provides the gravity 
direction indicating device, which, is provided at the tip of 
the insertion portion and uses a ball migrating to the 
gravity direction. However, providing such a gravity 
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direction indicating device at the tip portion of the 
insertion portion, there caused the problem in which the 
observation is interfered, and the constitution of the tip 
becomes complex. 

The present invention is completed in order to consider the 
above described circumstances, and aims to provide an 
endoscope device which does not interfere with the 
observation, has a simple constitution, and can detect the 
gravity direction. 

[Means for solving the problems and effects thereof] 
The endoscope device of the present invention is directed to 
a device, which is an endoscope device in which a bending 
portion is provided in an insertion portion, the bending 
portion is allowed to curve in a plurality of directions by 
pushing and retracting a plurality of wires for curved 
operation, one end of the wire being secured to front end 
side of the bending portion, characterized in that the 
device comprises, a plurality of detecting means which 
detects the added force to each wire for curved operation, 
and a gravity direction determining means which determines a 
gravity direction based on a detected output by the 
plurality of detecting means'. 
[Effects] 

Upon insertion of the insertion portion into the subject 
body, since the bending portion tends to bend in gravity 
direction due to gravity, each wire of the plurality of 
wires for curved operation receives a different force. As 
such, gravity direction can be detected by comparing the 
forces added to each wire of the plurality of wires for 
curved operation. In the present invention, the detecting 
means detects the forces added to each wire of the plurality 
of wires for curved operation, and gravity direction is 
determined by the gravity direction detenmlning means based 
on the output of the detecting means. 
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[Examples] 

Hereinafter, the examples of the present invention will be 
explained while referring to the drawings . 

Figures 1 to 5 illustrate the first embodiment of the 
present invention. Figure 1 is an explanation view 
indicating the constitution of the tip side of the insertion 
portion of the endoscope. Figure 2 is a perspective view of 
the sensor portion. Figure 3 is an explanation view 
indicating the whole constitution of the endoscope device. 
Figure 4 is an explanation view indicating the constitution 
of the signal processing system of the endoscope device. 
Figure 5 is an explanation view indicating the constitution 
of the curvature controlling system. 

As indicated in figure 3, the endoscope device 1 has the 
insertion portion 2 which is elongated and has flexibility, 
the base portion of the insertion portion 2 being attached 
to the drum 3, and housed within the drum 3 by being taken 
up thereby. From the side of the drum 3, the connecting 
cable 4 for the light source, the connecting cable 5 for CCU 
and the connecting cable 6 for liquid are extended. The 
connecting cable 4 is connected to the light source device 7, 
the connecting cable 5 for CCU is connected to the camera 
controlling unit (hereinafter referred to CCU) 8, and the 
connecting tube 6 is connected to the liquid pressure 
controlling device 9. Further, the liquid pressure source 

10 such as compressor, air bomb, and the like is connected 
to the fluid pressure controlling device 9, and the monitor 

11 is connected to the CCU 8. The CCU 8 is connected to 
video signal treating circuit 26 being connected to solid 
imaging device described hereinafter, to the determination 
circuit 42 being connected to the distortion gauge described 
hereinafter, to the video signal treating circuit 26 and to 
the determination circuit 42, and being provided with the 
gravity direction displaying circuit 43 which outputs video 
signal to the monitor 11. 
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The insertion portion 2 consists of, hereinafter listed in 
the order starting from the tip side, the rigid tip portion 
12, the bending portion 13 being bendable, and the flexible 
tube portion 14 having flexibility. Further, in the front 
end of the flexible tube portion 14, the insertion assistant 
tool 15 is secured externally - 

As indicated in figure 4, the illumination window and the 
observation vjindow are provided in the tip portion 12. The 
light delivering lens 21 is provided inside of the 
illumination window. The light guide 22 is provided at the 
rear end of the light delivering lens 21. This light guide 
22 is inserted within the insertion portion 2, the drum 3 
and the connecting cable 4 for the light source, and the end 
thereof for incident light is allowed to connect to the 
light source 7. The illumination light emitted from the 
lump within the light source device 7 is incident to the 
incident end of the light guide 22, and illuminates the 
observation site via the light guide 22 and the light 
delivering lens 21. Further, the objective lens system 23 
is provided inside the observation window, and the solid 
imaging device 24 such as CCD and the like is provided at 
the imaging position of the objective lens system 23. The 
signal 25 connected to the solid imaging device 24 is 
inserted within the insertion portion 2, the drum 3 and the 
connecting cable 5, and allowed to connect to the video 
signal treating circuit 26 within the CCU 8. The solid 
imaging device 24 is driven by the video signal treating 
circuit 26, and the output signal of the solid imaging 
device 24 is allowed to be converted to the video signal by 
the video signal treating circuit 26. 

As indicated in figure 1, in the inner periphery of the 
tubular tip body 12a which constitutes the tip portion 12, 
one ends of the wires for insertion operation (hereinafter 
referred to the angle wire) are secured via the sensor 
portions 31 at up, down, right and left position, 
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respectively. By the way, in figure 1, three of four sensor 
portions 31, and three of four angle wires 32 are 
illustrated. As indicated in figure 2, the sensor portion 
31 comprises the fixation portion 33 being secured to the 
inner periphery of the tip body 12a, thin-plate-like beam 
portion 34 extending backwardly axially from the fixation 
portion 33 within the insertion portion 2, and the 
distortion gauge 35 attached on the beam portion 34. One 
end of the angle wire 32 is secured to the rear end of the 
beam portion 34. 

Further, in the front end of the flexible tube portion 14 
provided with the insertion assist tool 15, four rubber 
artificial muscles 36 are provided at up, dovm , right and 
left positions. In each front end of the rubber artificial 
muscles 3 6 provided at up, down, right and left positions, 
the other end of each angle wire 3 2 provided at up, down, 
right and left positions is connected. Further, four 
artificial muscles 36 are disposed at different positions 
with respect to axial direction. In figure 1, three of four 
rubber artificial muscles 36 are illustrated. In the rear 
end of each rubber artificial muscle 36, one end of the 
engaging wire 37, which has appropriate rigidity and 
flexibility, is secured. The other end of the engaging wire 
37 is secured to the inner wall of the flexible tube portion 
14 via the fixation member 38 at the position in the 
vicinity of the rear end of the insertion assist tool 15. 
The backward and forward position of the rubber artificial 
muscle 36 is fixed by the engaging wire 37. The air tube 39 
is connecteol to each rubber artificial muscle 36. Each air 
tube 39 is inserted within the insertion portion 2, the drum 
3 and the connecting tube 6 for fluid, and connected to the 
fluid pressure controlling device 9 , as indicated in figure 
5. The fluid pressure controlling device 9 supplies fluid 
(in this example, it is air) , which is generated from the 
liquid pressure source 10 and has a predetermined pressure, 
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into each air tube 39 while controlling the pressure thereof. 
The air supplied to each air tube 39 is supplied to each 
rubber artificial muscle 36. Each rubber artificial muscle 
36 expands or shrinks depending on the pressure of the air 
being supplied thereby pushing or retracting the angle wire 
32 . 

Further, as illustrated in figure 2, the signal line 41 is 
connected to the distortion gauge 35. The signal line 41 is 
inserted within the insertion portion 2, the dram 3 and the 
connecting cable 5 for CCU. and allowed to connect to the 
determination circuit 42 in the CCU 8, as illustrated in 
figure 4, The determination circuit 42 judges gravity 
direction in the tip portion 12 based on the output signal 
of each distortion gauge 35 inputted via the signal line 41. 
The information of gravity direction obtained by the 
determination circuit 42 is inputted to the gravity 
direction displaying circuit 43, The gravity direction 
displaying circuit 43, for example, superimposes the video 
signal for displaying gravity direction to the video signal 
from the video signal treating circuit 2 6 to output to the 
monitor 11. 

Next, the operation of this example will be explained. 
Upon insertion of the insertion portion 2 into the body of 
the subject, it is supposed that gravity direction is arrow 
■g' as illustrated in figure 1. At that time, since the tip 
portion 12 tends to go down to the direction 'g' due to 
gravity, and thus the bending portion 13 tends to go down to 
the direction of arrow 'g', each force added to each angle 
wire 32 differs from each other. In the example illustrated 
in figure 1, the largest tension is added to the angle wire 
32 provided in the upper side. As such, the distortion 
gauge 35 connected to the sensor 31 to this angle wire 32 
provided in upper- side, detects the largest distor-tion. 
Output signal of each distortion gauge 35 is inputted into 
the determination circuit 42, the output of each distortion 
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gauge 35 is compared in this determination circuit 42, and 
gravity direction is determined. The determination circuit 
42 judges, for example, gravity direction as being in an 
opposite direction to the position of the distortion gauge 
35 which detects the largest distortion. Alternatively, 
based on the ratio between magnitude of the distortion 
detected in each distortion gauge 35, the gravity direction 
may be estimated as being an intermediate direction residing 
among four directions, up, down, right and left. 
The information of gravity direction obtained by the 
determination circuit 42 is inputted into the gravity 
direction displaying circuit 43. This gravity direction 
displaying circuit 43, for example, superimposes the video 
signal for displaying gravity direction to the video signal 
from the video signal treating circuit 26 to output to the 
monitor 11. Gravity direction is displayed by cursor, arrow, 
or the like along with the image of the observed site in the 
monitor 11. 

In this way, according to this example, since the force 
added to the angle wire 32 is detected,-, and gravity 
direction is detected based on the detected output, it does 
not interfere with the observation, and gravity direction in 
the tip portion 12 of the insertion portion 12 with simple 
constitution. Accordingly, upon insertion of the insertion 
portion 2 into the place where the inner structure is 
unknown, the inner structure is easily grasped. Further, 
upon passing through the elbow (elbow-like bending portion) 
in the subject body, it is easy to determine to which 
direction the bending portion 13 should be curved. 
Figure 6 and figure 7 is directed to the second example of 
present invention. Figure 6 is an explanation view 
indicating the constitution of the tip side of the endoscope 
insertion portion. Flgux-e 7 is a perspective view of the 
sensor portion. 
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In this example, as illustrated in figure 6, the tip portion 
of the angle wire 32 is fixed to the tip portion 12 by the 
fixation member 51, the rear end of the engaging wire 37 is 
fixed to the inner wall of the flexible tube portion 14 via 
the sensor portion 31. As illustrated in figure 7, the 
sensor portion 31 comprises the fixation portion 33 being 
secured to the inner wall of the flexible tube portion 14, 
the thin plate-like beam portion 34 extending forwardly 
axially from the fixation portion 33 within the insertion 
portion 2, and the distortion gauge 3 5 provided on the beam 
portion 34. The rear end of the engaging wire 37 is secured 
to the front end of the beam portion 34. 

In this example, the sensor portion 31 receives the 
distortion depending on the force added to the angle wire 32, 
and the magnitude of this distortion is detected by the 

distortion gauge 35. 

According to this example, if the engaging wire or the angle 
wire is cut, and when the distortion detected by the sensor 
portion 31 becomes zero, it is easy to detect breakdown. 
Other constitution, action and effect are similar to the 
first example. 

Figure 8 is an explanation view indicating the vicinity of 
the sensor portion in the third example of the present 
invention . 

In this example, the tip portion of the angle wire 32 is 
secured to the tip portion 12, the rear end of the engaging 
wire 37 is secured to the inner wall of the flexible tube 
portion 14, and the sensor portion 52 is provided in the 
intermediate portion of the engaging wire 37. The sensor 
portion 52 consists of the sensor body 53, for example, 
being cylindrical provided at halfway of the engaging wire 
37, and the distortion gauge 35 provided at outer periphery 
of the sensor body 53. To the distortion gauge 35, the 
signal line 41 is connected. 
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Other constitution, action and effect are similar to the 

first example. 

Figure 9 and figure 10 are directed to the forth example of 
present invention. Figure 9 is an explanation view 
indicating the vicinity of the pressure sensor. Figure 10 
is a block diagram indicating the constitution of the 
gravity direction detecting system. 

In this example, instead of using the distortion gauge 35 
indicated in the first to the third examples, the pressure 
sensor 60 is provided at halfway of the air tube 39 which 
send fluid (air) to each rubber artificial muscle 36, as 
illustrated in figure 9 . 

In ecu 8, instead of the determination circuit 42, the 
comparison circuit 61 being connected to each pressure 
sensor 60 is provided, as illustrated in figure 10. 
As explained in the first example, the tip portion 12 tends 
to go down in gravity direction, and thus in order to 
maintain the bending portion 13 in horizontal condition, 
larger pressure must be added to the rubber artificial 
muscle 36 being opposite side to the gravity direction than 
the other rubber artificial muscle 36. Accordingly, in the 
event that the bending portion is maintained in horizontal 
condition, the pressure of the air tube 37 being opposite to 
the gravity direction becomes higher than that of the other 
air tube 37. As such, the gravity direction can be detected 
in the comparison circuit 61 by comparing the outputs of 
the pressure sensors 60 provided in each air tube 37. That 
is, the opposite side to the position of the air tube 37 
indicting the highest pressure is a gravity direction. The 
information obtained by the comparison circuit 61 is 
inputted into the gravity direction displaying circuit 43, 
and displayed in the monitor 11. 

Other constitution, action and effect ar© s±m±la.r to the 
first example. 
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Figure 11 is an explanation view indicating the construction 
of the curvature controlling system' of the endoscope in the 
fifth example of the present invention. In the first to 
forth examples, the fluid pressure controlling device 9 and 
each ruhber artificial muscle 36 are connected to the air 
tube 37 individually. That is four air tubes 37 are 
provided between the fluid pressure controlling device 9 and 
the rubber artificial rnuscle 36. 

On the contrary, in this example, the rear ends of four air 
tube 63 connected to each rubber artificial muscle 3 6 are 
connected to single air tube 65 via the electromagnetic 
valve 64 provided within the insertion potion 2. This air 
tube 65 is connected to the fluid pressure controlling 
device 9. The electromagnetic valve 64 is connected to the 
fluid pressure controlling device 9 via the signal line 66. 
The electromagnetic valve 64 is controlleci by tha fluid 
pressure controlling device 9 such that one of four air tube 
63 is communicated with the air tube 65. When the bending 
portion 13 is bended, the electromagnetic valve 64 is 
switched to provide air having a predetermined pressure to 
any rubber artificial muscle 36, 

According to this example, since the distance from the 
rubber artificial muscle 36 to the electromagnetic valve 6 4 
is short, the evacuation rate of the rubber artificial 
muscle 36 is improved. 

Other constitution, action and effect are similar to the 
first to fourth examples. 

Figure 12 to figure 16 is directed to the sixth example of 
the present invention. Figure 12 is a block diagram 
indicating a substantial part of this example. Figure 13 an 
explanation view indicating the condition of the insertion 
portion in the piping. Figure 14 is an explanation view 
indicating the monitor screen in the condition of figure 13. 
Figure 15 is an explanation view indicating the condition of 
the insertion portion which has conducted the centering in 
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the piping. Figure 16 is an explanation view indicating the 
monitor screen in the condition of figure 15. 
In this example, as illustrated in figure 12, the liquid 
pressure controlling device 9 is controlled by the output of 
the determination circuit 42, and the bending portion 13 is 
allowed to bend to opposite direction to the gravity 
direction obtained by the determination circuit 42. 
Figure 13 indicates the condition of the insertion portion 2 
in which the present example is not applied thereto in the 
piping 58. In this case, the bending portion 13 is bent to 
dov/nward direction (gravity direction) due to gravity. At 
this time, in the monitor screen, the dark portion 
indicating the center portion of the piping 68 is located in 
upper side of the screen, merely lower side of the inner 
wall of the piping 68 can be observed. 

On the contrary, figure 15 indicates the coaaitioa of th.e 
ins:;!: Lion portion 2 in v;hich this example applied thereto. 
As mentioned previously, since the bending portion 13 is 
bent to opposite direction to the gravity direction obtained 
by the determination circuit 42, the bending portion can be 
maintained in horizontal condition. At this time, in the 
monitor screen, the dark portion indicating the center 
portion of the piping 68 is located in the center of the 
screen, and thus the whole periphery of the inner wall of 
the piping can be observed. 

In this manner, according to this example, since the tip 
portion 12 is always centered, user is not required to 
center the bending portion 13 each time by bending operation 
thereof, and thus working property is improved. 
Other constitution, action and effect are similar to the 
first to fifth examples. 

Figure 17 is an explanation view of the tip side of the 
insertion portion xn the seventh example of the present 
invention. 
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The endoscope of this example comprises the rotating 
treatment member, for example, the rotating grinding stone 
70 at the tip portion 12 of the insertion portion 2. .The 
grinding stone 70 is pressed into the treated surface 72, 
and grinds this treated surface 72. 

Other constitution, action and effect are similar to the 
first to fifth examples. 

In this exaraple, when the grinding stone 70 is pressed into 
the treated surface 72, since the output of the distortion 
gauge 35 of the third example or the pressure sensor 60 of 
the fourth example changes depending on the applied force, 
the applied force can be obtained at the determination 
circuit 42 or the comparison circuit 61. In this example, 
the fluid pressure controlling device 9 is controlled 
depending on the output of the determination circuit 42 or 
th£. comparison circuit 61, orid the bending portion 13 is 
driven such that the applied force by the grinding stone 7 0 
to the treated surface 7 2 becomes optimal force which is 
judged previously depending on the kinds of the tx-eated 
surface 72 and the grinding stone 70. 

According to this example, since the applied force by the 
grinding stone 70 to the treated surface 72 becomes always 
optimal force, the treated surface 72 can be ground 
uniformly. 

Other constitution, action and effect are similar to the 
first to fifth examples. 

Figure 18 and figure 19 is directed to the eighth example of 
the present invention. Figure 18 is an explanation view 
indicating the constitution of the tip side of the endoscope 
insertion portion. Figure 19 is an explanation view 
indicating the cross section along A-A line in figure 18. 
In this example, the tip portion 12 comprises the 
cylindrical transparent cover 81, and. the tip cap 82 which 
closes the tip side of the transparent cover 81 as indicated 
in figure 18. The conical shape mirror 83, the central axis 
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thereof coincides with the central axis of the insertion 
portion 2, is secured to the inner surface of the tip cap 82. 

The disc-like rotating plate 84 is held rotatably at the 

rear end within the transparent cover 81. The tip portion 
of the flexible pipe 85 inserted within the insertion 
portion 2 is fixed in the central portion of the rear end 
face of the disc-like rotating plate 84. The base of this 
flexible pipe 35 is connected to the servo-inotor provided 
within or outside the drum 3 (not illustrated) . The 
rotating plate 84 is allowed to rotate by rotating the 
servo-motor . The light guide 22 is inserted within the 
flexible shaft 85, the light guide 22 penetrates the 
rotating plate 84, the tip face thereof is opposed to the 
mirror 83. As such, the illumination light emitted from the 
light guide 2 2 illuminates all perimeter directions by 
raflecting with the mirror 83. On the rotating plate 84, 
CCD unit 87 comprising the objective lens and CCD is secured. 
The observation direction of the CCD unit 8 7 is lateral 
direction of the tip portion 12. As such, by rotating the 
rotating plate 84 by the flexible shaft 85, the CCD unit 87 
is rotated whereby the observation direction can be changed. 
The signal line 25 is connected to the CCD unit 87. The 
distortion of the signal line 25 accompanied with the 
rotation of the CCD unit 87 can be absorbed by the 
relaxation of the signal line 2 5 so long as the number of 
the rotation is about one. 

The channel 91 is provided within the insertion portion 2. 
The channel 91 opens at the side of the insertion portion 
between the rotating plate 84 and the bending portion 13. 
On the outer periphery of the tip portion 12 in the 
peripheral side of the rotating plate 84, a plurality of 
water supply nozzles 9 2 are provided at predetermined 
intervals. The water supply tube 93, which is inserted 
within the insertion portion 2, is connected to each water 
supply nozzle 92. The rinse water sent through the water 
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supply tube 93 is sprayed from the water supply nozzle 92, 
the outer periphery of the transparent 81 can be washed. 
In this example, the CCD unit 87 can be rotated over 360° , 
the whole lateral peripheral direction of the insertion 
portion 2 can be observed. 

Other constitution, action and effect are similar to the 

first example. 

It should, be understood, that the present invention Is not 
limited to the above described examples. For example, the 
driving means which push and retract the angle wire may be 
motor . 

[Erf sots of Invention] 

As explained above, according to the present invention, 
since the gravity direction is allowed to be detected by 
detecting the force added to each curvature operation wire, 
and detecting the gravity direction based- on the detected 
output, effects, v/hich do not interfere the observation, and 
can detect the gravity direction in the insertion portion 
with simple constitution, can be attained. 
4 . Brief Explanation of Drawings 

Figure 1 to figure 5 are directed to the first example of 
the present invention. Figure I is an explanation view 
indicating the constitution of the tip side of the endoscope 
insertion portion. Figure 2 is . a perspective view of the 
sensor portion. Figure 3 is an explanation view indicating 
whole constitution of the endoscope device. Figure 4 is an 
explanation view indicating the signal treating system of 
the endoscope device. Figure 5 is an explanation view 
indicating the bending controlling system of the endoscope 
device. Figures 6 and figure 7 are directed to the second 
example of the present invention. Figure 6 is an 
explanation view indicating the constitution of the tip side 
of the endoscope insertion portion. Figure 7 ±s a 
perspective view of the sensor portion. Figure 8 is an 
explanation view indicating the vicinity of the sensor 
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portion In the third example of the present invention. 
Figure 9 and figure 10 is directed to the fourth example of 
the present invention. Figure 9 is an explanation view 
indicating the vicinity of the pressure sensor. Figure 10 
is a block diagram Indicating the constitution of the 
gravity direction detection system. Figure 11 is an 
explanation view indicating the curvature controlling system 
of tlia endoscope in the fifth example. Figure 12 to figure 
16 are directed to the sixth example of the present 
invention. Figure 12 is a block diagram indicating the 
substantial part of this example. Figure 13 is an 
explanation view indicating the condition of the insertion 
portion in the piping. Figure 14 is an explanation view 
indicating the monitor screen in the condition of figure 13. 
Figure 15 is an explanation view indicating the condition of 
the insertion portion which conducts the centering in the 
piping. Figure 16 is an explanation viev/ indicating the 
monitor screen in the condition of figure 15. Figure 17 is 
an explanation view indicating the tip side of the insertion 
portion in the seventh example of the present invention. 
Figure 18 and figure 19 are directed to the eighth example. 
Figure 18 is an explanation view indicating the constitution 
of the tip side of the endoscope insertion portion. Figure 
19 is an explanation view indicating the cross section along 
A-A' line of figure 18. 

1 endoscope device 2 insertion portion 

13 bending portion 3 sensor portion 

32 angle wire 

35 distortion gauge 36 rubber artificial muscle 
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